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ABSTRACT
This study reports a general method to calculate dihedral angles (φ and ψ) of a given amino acid 
sequence, focusing on potential energy and torque moment concepts. By defining these physical 
measures in relation to the chemical interactions that occur on each single amino acid residue within 
a peptide, the folding process is analysed as the result of main mechanical forces (MMF) exerted in 
the specific amino acid chain of interest. As a proof of concept, Leu-enkephalin was initially used 
as a model peptide to carry out the theoretical study. Our data show agreement between calculated 
Leu-enkephalin backbone dihedral angles and the corresponding experimentally determined x-ray 
values. Hence, we used calcitonin to validate our MMF-based method on a larger peptide, i.e. 32 
amino acid residues forming an α–helix. Through a similar approach (although simplified with 
regards to electrostatic interactions), the calculations for calcitonin also demonstrate a good 
agreement with experimental values. This study offers new opportunities to analyse a peptides’ 
amino acid sequences and help in the prediction of how they must fold, assisting the development 
of new computational techniques in the field.
KEYWORDS: polypeptide folding; dihedral angles; amino acid sequence; mechanical forces; 
potential energy; torque moment; Leu-enkephalin; calcitonin.
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Introduction
Protein folding has been widely investigated over the years providing significant advances in the 
study of specific amino acid sequence roles and their intrinsic driving forces that are crucial for the 
process.[1-12] To date, the thermodynamic hypothesis provides a fundamental output with regards 
to the information required to fold a polypeptide chain.[13] In addition, the role played by the 
dominant forces involved in the folding of a protein, such as hydrophobic effect, hydrogen bonding 
and configurational entropy,[1-3,14-16] is also an essential aspect.
The interactions among residues in a chain showed to occur through the formation of 
hydrophobic cores, hydrogen bonds, electrostatic interactions, π-π interactions, C-H··π-cloud 
interactions and steric repulsion (from forbidden overlaps), which contribute to the folding of a 
specific polypeptide in its most stable three-dimensional structure.[17-19] This process is strictly 
related to the energy landscape explored by the amino acid sequence during folding, so that the 
sequence itself can fold correctly and rapidly. Nevertheless, how the amino acid sequence encodes a 
unique and specific energy landscape is still an unanswered question in the field.[7-12,20-22]
To date, computational biophysical studies on macromolecular systems are based on molecular 
dynamic simulations set in the conditions of interest, having geometries and interacting parameters 
developed separately from the macromolecular system under study. In this way, the parameters 
used to describe interactions do not show accurate,[12] although the transfer across different 
systems might represent an advantage. Limits arise from the presence of several of atoms which, in 
turn, produce many interactions, rendering the prediction of protein structure likely impossible.[5] 
Clearly, new approaches are required in order to balance the computational effectiveness and the 
real physical context of a specific macromolecular system.[12]
In this context, by considering the possible interactions among each single amino acid residue of 
a polypeptide chain, the present study aims to define the exerted main mechanical forces (MMF) 
and calculate the backbone dihedral angles by mean of empirical potential energy functions, in 
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order to ultimately produce a general physical approach for a more detailed elucidation of the whole 
folding process. Indeed, the number of rotamers for the specific backbone, also represents a crucial 
determinant for the folding process, due to the defined structural restrictions arising from local 
interactions of conformational isomers. Specifically, the latter affects the stable interplay in the 
amino acid chain that can act as nucleation point leading to the correct folding of a particular 
sequence.[23,24]
In this view, we envisaged rationalising the main interactions and mechanical forces occurring 
among the single residues of an amino acid sequence by considering the concepts of potential 
energy and torque moment (or twisting), which can be defined by a systematic analysis of the 
amino acid sequence. For our purpose, we firstly selected Leu-enkephalin (a small endogenous 
oligopeptide with agonistic activity on μ- and δ-opioid receptors) as a prototype to carry out the 
theoretical study. Each function, charged group and substituent in Leu-enkephalin has been 
“handled” as element able to produce a specific interaction that can be described and quantified by 
an established mechanical force. In turn, this provides the necessary rotation values to obtain the 
related backbone dihedral angles. In the method, two interacting elements need to be considered as 
a two-member system (e.g. two-rings = two π-clouds) or two-charge system (i.e. dipole), in order to 
define the equations that relate to potential energy and torque moment of the system. In turn, these 
empirical potential energy functions allow to calculate the dihedral angle or the partial dihedral 
angle. Being the hydrophobic effect considered as the main driving force for the folding of peptides 
[2,25], we have identified the π–π interaction between the aromatic rings of L-Tyr1/L-Phe4 and the 
C-H···π-cloud interaction between the L-Phe4/L-Leu5 side chains as the main interactions between 
apolar residues (i.e. as the expression of the hydrophobic effect). 
Furthermore, we have studied a larger peptide – i.e. calcitonin, in order to widely validate the 
proposed physical-chemistry approach. As reference, we have adopted the NMR-solved structure of 
the so-reported ‘conformer one’ for calcitonin,[26]  which is referred as the most representative 
term of the ensemble. Due to the increased size of this second peptide, the calculations for the 
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electrostatic interactions were performed through a slightly simplified method with regards to the 
one used for Leu-enkephalin. Specifically, in this case we have considered the sin of the Coulomb 
force and the force as the product of an attraction between the charges, in order to determine the 
lever arm of the torque moment (whereas the sin component of the distance vector, with the 
Coulomb force exerted singularly by the charge on the α–carbons, was considered for the torque 
moment in Leu-enkephalin). Clearly, our results demonstrate that both methods can be efficiently 
employed to calculate the torque moment. Moreover, for the hydrophobic effect in calcitonin, we 
have adopted the same approach of Leu-enkephalin and an additional electrostatic interaction 
between apolar residues (i.e. the so-called ‘hydrophobic effect’ or ‘hydrophobicity’), which is 
considered as the output of London dispersion forces. 
With this approach, the calculated Leu-enkephalin and calcitonin backbone dihedral angles 
showed a robust agreement with the values experimentally obtained by x-ray diffraction[27] and 
NMR,[26] respectively. 
Experimental Details 
Structural model: the theoretical basis used to calculate the backbone dihedral angles φ and ψ of 
Leu–enkephalin.
The primary structure of Leu–enkephalin was analysed in a fully extended conformation (i.e. 
primary structure, Figure 1) by adopting previously reported bond lengths and molecular geometry 
as reference geometrical parameters.[25] The following interactions and mechanical forces were 
considered to drive the folding process: i) Coulomb interaction between the two terminal charges; 
ii) π–π interaction between two aromatic rings; iii) C-H···π-cloud interaction and iv) proton-proton 
repulsion due to a forbidden overlap at level of the NH protons of the amide bonds between Gly2 
and Gly3. The structural model of Leu-enkephalin is shown in Figure 1 and the measured distances 
for the calculations are reported in Table 1. Full details of calculations and equations are reported in 
SI (Sections 1-11).
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Table 1. Distances used for the calculations converted in meters and measured in Angstrom from 
the primary structure of Leu-enkephalin. rc : distance between the terminal charges, r+ : distance 
between the positive charge and the α-carbon of the residue, r- : distance between the negative 
charge and the α-carbon of the residue, rr : distance between the  two aromatic rings, rh : distance 
between the farther C-H bond of the Leu5 side chain and the aromatic ring of Phe4, rLJ: distance 
between NH1 (Gly2) and NH2 (Gly3). To note here, that each distance is considered as averaged 
value between the two possible extremes.
Residue Name Dihedral Angle rc ·10-10 /m r+ ·10-10 /m r- ·10-10 /m rr·10-10 /m rh·10-10 /m
rLJ·10-10 
/m
Tyr1 ψ1 17.3 ± 0.7 1.46 16.2 ± 0.6 12.7 ± 1.3 - -
Gly2 φ2 ψ2 17.3 ± 0.7 4.86 12.4 ± 0.7 - - -
Gly3 φ3 ψ3 17.3 ± 0.7 8.52 9.1 ± 0.5 - - 4.4
Phe4 φ4 ψ4 17.3 ± 0.7 11.98 5.4 ± 0.5 12.7 ± 1.3 9.5 ± 0.9 -
Leu5 φ5 17.3 ± 0.7 15.7 2.4 ± 0.05 - 9.5 ± 0.9 -
Structural model: the theoretical basis used to calculate the backbone dihedral angles φ and ψ of 
calcitonin.
The primary structure of calcitonin was analysed in a fully extended conformation (i.e. primary 
structure) from a dedicated pdb file. The following interactions were considered to drive the folding 
process: i) Coulomb interaction between the two terminal charges; ii) π–π interaction between two 
aromatic rings; iii) C-H···π-cloud interaction, iv) Van der Waals proton-proton repulsion, v) H-
bond and vi) Hydrophobic effect or hydrophobicity – ''London Dispersion Forces''.  Full details of 
calculations are reported in SI (Section 12).
Page 6 of 20
ACS Paragon Plus Environment
Biochemistry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
Results and discussion
This study presents an innovative physical approach to calculate the backbone dihedral angles of 
a given polypeptide where all the main possible interactions among single residues, as well as 
derived mechanical forces, are considered as determinants that drive the folding of the chain. As a 
proof of concept, we have chosen Leu-enkephalin and used as reference its x-ray determined 
backbone dihedral angles.[27] For our purpose, we have initially created a pdb file of Leu-
enkephalin (see section 2, SI) to determine the distances between the various interacting elements in 
the fully extended molecule (Figures 1 and S1), corresponding to its primary structure – i.e. in its 
unfolded state and without secondary structure assigned. In this regard, peptides can adopt various 
conformations, often trapped at a local minimum of the energy landscape, which in turn could show 
differences in terms of dihedral angle values. With the aim to reduce the variability arising from 
this, we have used the only allowed fully extended conformation to gain a more accurate 
calculation/prediction of the dihedral angles. 
Our analysis starts on the assumption that what drives the folding process (and, therefore, needs 
to be taken into account) are the related main mechanical forces in combination with the following 
interactions: i) electrostatic interaction between the terminal charges, ii) π–π interaction between the 
aromatic rings of L-Tyr1 and L-Phe4, iii) H-H repulsive interaction (NH-NH forbidden overlap) 
and iv) C-H···π-cloud interaction between the L-Phe4 and L-Leu5 side chains (Figure 1 and Table 
2).
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Figure 1. Cartoon representing the primary structure of Leu–enkephalin; each amino acid is 
represented in different colour from purple (Tyr1) to cyan (Leu5). In the figure are reported only 
three distances considered for the calculations: i) length of the fully extended peptide (17.30.7 Å; 
reported in black); ii) π–π interaction (12.71.3 Å; reported in green); iii) C-H···π-cloud interaction 
(9.50.9 Å; reported in red).
Table 2. Comparative list of backbone dihedral angles in Leu-enkephalin, showing the agreement 
between experimentally determined [27] and theoretically calculated (including their standard 
deviation) values.
Residue
Name
Dihedral
Angle
Experimental 
Values[27]
Calculated
Values
L-Tyr1 ψ1 126° 129.62 ± 0.15°
L-Gly2 φ2 59° 58.77 ± 0.37°
L-Gly2 ψ2 25° 25.89 ± 0.22°
L-Gly3 φ3 97° 97.22 ± 0.25°
L-Gly3 ψ3 -7° -6.69 ± 0.61°
L-Phe4 φ4 -136° -137.21 ± 1.12°
L-Phe4 ψ4 145° 150.79 ± 2.21°
L-Leu5 φ5 -105° -106.35 ± 1.23°
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For each set of calculations, the effect of the considered force was distinguished in two parts: i) 
determination of the force itself (F) together with the potential energy of the system (U); ii) effect of 
the force on the α-carbon of the dihedral angle of interest. The latter only accounts for the 
component of the force able to induce a rotation (Fsin(x)). This approach allows the evaluation of 
the torque moment of the force (τ) acting on the α-carbon, which is believed to drive the rotation in 
order to obtain the desired dihedral angle. By comparing U and τ, it was therefore possible to 
calculate a total or partial backbone dihedral angle. In this regard, it was also needed to define the 
distances in the primary structure by introducing a folding (or twisting) factor (θ), being 
fundamental to obtain the dihedral angle values. The folding factor accounts for the repositioning of 
a specific element (side chain, charge or NH bond) while folding, which is directly connected to the 
molecular interaction involving the residue of interest. In turn, the folding factor allows to quantify 
the related changes in distance. It is also worth to consider the role of the terminal charges which 
have shown to affect the calculation of all the dihedral angles. In this regard, in the present study we 
report two alternative methods, since we have also developed a simplified calculation approach that 
takes into account electrostatic interactions (vide infra, for calcitonin). Specifically, in each residue, 
one of the partial dihedral angle arises from the electrostatic interaction that can induce the 
following partial twisting of the considered bond, by acting on the α-carbon. This factor was then 
added to the further partial twisting(s) to allow accurate calculation of the final dihedral angle(s).
Starting from Tyr1, ψ1 (Eq. A; section 4, SI) depends on two partial twisting contributions arising 
from: i) the two terminal charges (ψe; section 4.1, SI) and ii) from the π–π interaction (ψp; section 
4.2, SI). Overall, the charges were considered as a dipole with relative potential energy (Ue; Eq. S4, 
SI) to be determined. A similar approach has been also adopted for all ψe and φe calculations in the 
whole study. Noteworthy, the distance re (needed here to calculate the Coulomb force and therefore 
the dipole potential energy) is not affected by any folding factor. Therefore, the peptide can be 
considered as “fully denatured”. Furthermore, the torque moment (τe; Eq. S8, SI) was also 
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calculated, in order to estimate the effect of single charges on a point in between the dipole itself 
(i.e. always the α-carbon). In turn, the torque moment requires the knowledge of the relative 
distance between the charge and considered α-carbon. This translates into a value of 44.430.15° (for 
details of calculations see Table S1 and section 4, SI).
As mentioned above, ψ1 also depends upon π-π interaction between Tyr1 and Phe4 side chains 
(ψp). In this case the calculation of the force accounts for the distance between the two aromatic 
rings (rr, Figure S3) together with the folding factor θp (Eq. S15, SI). The latter was used to estimate 
the change in distance between the rings as arising from the rotation around their sp3 β-carbons. 
This molecular feature was considered when calculating the dihedral angles ψ1, φ4 and ψ4 that are 
strictly related to the π–π interaction (see sections 4-6 in SI). In all the three cases, the folding 
factors are related to an angle of 109.50° (i.e. tetrahedral molecular geometry), which is expressed 
accounting for the degrees of freedom (i.e. 1, in this particular case). Furthermore, the equation for 
the torque moment (τp; Eq. S18, SI) needs also to account for a final equilibrium distance (rf = 
4.00·10-10 m; which is the requirement for a π-π interaction to take place).[28] This translates into a 
value of 85.19° (for details of calculations see Table S1 and section 4, SI). Therefore, by summing 
ψe and ψp, the total dihedral angle ψ1 is 129.620.15° (section 4, SI), which is in close agreement with 
the experimentally determined value (i.e. 126°).[27]
As expected, the role of π-π interaction needs also to be considered for Phe4 dihedral angle φ4 
(section 5, SI). In line with our approach, this dihedral angle must account for four terms: i) partial 
twisting from the two terminal charges (φe; section 3.1, SI), ii) partial twisting from the π–π 
interaction (φp; section 3.2, SI), iii) partial twisting due to a C-H···π-cloud interaction (φh; section 
3.3, SI) and iv) a factor to convert the angle into the corresponding counterclockwise value  (-360°; 
Eq. B, section 5, SI). With regards to φe, a folding factor (θe) is needed, in order to estimate the real 
distance between the charges of the dipole:
θe = ηψ1 [π·rc · sin(129.51°)] + ηm [π·rc · sin(109.50°)]+
                                 + ηmh [π·rc · sin(109.50°)] = 4.09·10-8 m                                                        (1)
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In this equation, the folding factor (θe) depends upon the distance between the charges of the 
dipole, which in turn showed to relay on the distance (rc) from the primary structure, together with: 
i) the tendency to have π-π interaction and ii) the free motion around a sp3 carbon. The latter is 
considered in terms of: i) co-planarity which translates into an influence either on the position 
between the charges of the dipole (e.g. Gly3-Phe4) or on to free rotation of the whole plane itself 
(i.e. Gly3-Gly2) and ii) tendency to establish a C-H···π-cloud interaction (e.g. by considering only 
Leu5 side chain). To further express the torque moment, the position of the single charges is 
considered together with the force acting on Phe4 α-carbon. Although this is an analogous approach 
as the one defined by Eq.1, the effect of the single charge needs here an extra tailoring. For 
instance, the folding factor θ+ depends on the first two terms, while the folding factor θ- depends 
only on the third term. The result is a partial twisting of 50.331.12° from the dipole (Table S2 and 
Eq. B, section 5, SI). Moreover, we have also calculated the partial twisting from both the π-π 
interaction and the C-H···π-cloud (section 5.3, SI). The resulting final value for φ4 is 222.791.12°. 
This result exceeds the maximum allowed rotation, according to the partial double bond character 
of the peptide bond (i.e. maximum allowed clockwise rotation of ±180°). Therefore, by converting 
the obtained angle into the corresponding counterclockwise value (i.e. addition of -360°), -
137.211.12° is obtained for φ4 (Eq. B, section 5, SI), in agreement with -136° (i.e. literature 
value).[27]
Similarly, ψ4 depends upon three partial twisting: i) from the π–π interaction (involving Phe4 side 
chain, as in the case of ψ1 and φ4; section 3.2, SI); ii) from the C-H···π-cloud interaction involving 
Phe4 and Leu5 (as in the case of φ4; section 3.3, SI) and iii) from the two terminal charges (Eq. C, 
section 6, SI). The latter accounts for a folding factor (θe), which affects the distance between the 
charges:
θe = ηφ4 [π·rc·sin(-136.41°)] = 7.18·10-9 m                                                                    (2)
As a result, the position of each single charge was calculated with respect to the α-carbon. This 
allows the determination of the torque moment (τe), considering that the positive charge is not 
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affected by any folding factor. In contrast, the position of the negative charge showed to depend on 
the π–π interaction. The calculation translates into a value of 150.792.21° for ψ4.
The α-carbon of Gly2 is also co-planar with the one belonging to Tyr1. This feature is crucial to 
calculate the dihedral angle of interest φ2 (58.770.37°; Eq. D, section 7, SI), which is defined only by 
the electrostatic interaction between the terminal charges (i.e. no side chains are present to produce 
further interactions). Specifically, this co-planarity also affects the position of the single charges 
with respect to the α-carbon itself, thus the influence of the π-π interaction plays a role to fix the 
distance between the positive charge and the α-carbon. The co-planarity between Gly2 and Gly-3 α-
carbons is crucial to determine ψ2 (25.890.22°; Eq. E, section 8, SI), by defining a plane that might 
have a free rotational motion itself and, therefore, it could explain the absence of any folding factor 
for the dipole and the positive charge. In this scenario, the torque moment shows only affected by 
the folding factor θ-. The same applies to ψ3 (Eq. F, section 9, SI).
In the case of φ2, ψ2 and ψ3, solely the effect of the electric dipoles on their α-carbon (namely the 
twisting arising from terminal charges) has been considered, hence the partial dihedral angles 
correspond to the dihedral angles themselves. It is additionally worth to note that these three angles 
belong to the two Gly residues (Gly2 and Gly3), which do not possess side chains involved in 
further molecular interactions. Accordingly, it can be argued that particular care needs to be given 
to the distance between elements involved in molecular interactions, although terminal charges are 
fundamental determinants. Indeed, distances depend on the twisting, which arises from the 
interactions themselves, and on the co-planarity of the atoms lying on the amide bond plane, which 
plays an important role mainly in relation to α-carbons. This indicates that the dihedral angle related 
to the N-Cα can be affected by the π–π interaction together with the partial twisting from the 
terminal charges, with regards to a plane involving the Cα-C bond of the residue ‘i’ (where the 
dihedral angle arises from a partial twisting due to a π–π interaction) and the N-Cα bond of the 
residue ‘i+1’. Furthermore, the π–π interaction needs to be additionally considered either as a partial 
dihedral angle (e.g. ψ1, φ4 and ψ4) or as part of the folding factors used to determine the 
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intermolecular distances required for the new angle to be calculated. In the latter case, the π–π 
interaction was considered to define the folding factors related to the calculation of the distance 
between the terminal charges (dipole) and to calculate the distance between each single charge and 
the α-carbon of interest.
Moving forward, in the case of φ3 (Eq. G, section 10, SI), we need to take into account the 
electrostatic interaction from the terminal charges (which will be treated as above) together with a 
proton-proton repulsion (φLJ: partial twisting from amide protons forbidden overlaps – Lennard-
Jones potential; section 3.4, SI). The latter accounts for an intra-chain repulsion from amide protons 
forbidden overlap. This molecular feature relies on considering the progress about the folding of the 
backbone which leads to a local constraint, hence a further rotation (27.28°; Table S7, SI) arising 
from the repulsive force exerted. Specifically, the NH group involved in the NH-Cα bond has been 
regarded as the only functional group able to provide an interaction (since there is no side chain for 
Gly3) and further produce a torsion. Considering this NH is not involved in hydrogen bonding (i.e. 
due to the number of residues in the peptide), the forbidden overlap is the only possible interaction 
occurring. By adding together the two contributions, we obtain a value of 97.220.25° for φ3 (Eq. G 
and Table S7, section 10, SI). A similar approach (as above) has been adopted to determine φ5 (Eq. 
H, section 11, SI). More specifically, in this latter the electrostatic term and the partial twisting from 
a C-H···π-cloud interaction have been considered, while only the electrostatic term was taken into 
account in the previous case.  
To fully validate the physical-chemistry approach, we tested our MMF-based method on 
calcitonin, as representative example of a polypeptide. In this case, additional interactions also need 
to be considered in the calculations, such as H-bonds and hydrophobicity (section 12.1.6, SI), as 
well as an alternative method to handle the electrostatic interactions (section 12.1.1, SI). The 
calculated dihedral angles were compared to those of conformer one, previously established as the 
most representative isomer of calcitonin NMR ensemble.[26] The agreement is high between NMR-
determined and calculated dihedral angles (section 12.2, SI), with only four residues that possess a 
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variable degree of difference between calculated values and the corresponding experimental data 
(i.e. ψ4, ψ10, ψ28 and ψ30). This is reasonable due to the higher complexity of the structure, with 
regards to dihedral angle determinations. However, the values obtained through the present 
theoretical approach are typical α-helix values, in agreement with the reported secondary structure 
of calcitonin. Moreover, the structure of calcitonin that we have used as reference is a single NMR 
conformer, out of an ensemble of hundred possible conformers. [26] This accounts for a large 
variation of possible results, which in our method reflects for only four dihedral angles not 
matching the experimental data for the selected isomer. Figure 2 shows the superimposition for 
calculated and NMR-determined structures, demonstrating that only minimal differences are present 
between the two outputs. 
Figure 2. Superimposition for calculated (grey) and NMR-determined (blue) structures of 
calcitonin.
In this study, Leu-enkephalin has been initially used as a model peptide to evaluate the role of 
amino acid interactions in the folding of peptide chains. Secondly, calculation tests have been also 
performed on calcitonin to widely validate the MMF-based method.
 By focusing on the chemical interactions among single amino acid residues and the exerted 
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mechanical forces, a theoretical method has been produced to calculate the backbone dihedral 
angles. These results express a close matching with experimentally determined values, [26,27] 
confirming the hypothesis that interactions among the residues might drive the folding process of 
such a polypeptide chain, by acting through their related mechanical forces which are defined by 
mean of empirical potential energy functions.
Noteworthy, Anfinsen’s dogma suggests that the active structure of a protein, at ambient 
conditions, is primarily determined by the sequence of its residues. However, this seems valid only 
for small proteins.[32] In contrast, in the case of polypeptides (i.e. >100 residues) more than one 
intermediate structure is found during the entire folding process, suggesting that more than one 
possible “folding pathway” could take place.[33-35] Nevertheless, different ‘folding paths’ could 
indeed represent a limit for our calculations, especially in the case of large globular proteins. In this 
regard, further developments are needed to establish a theoretical approach which would 
unequivocally determine the values of the degrees of freedom for the twisting factors, in order to 
systematically define the specific folding factors for each postulated interaction. 
Overall, the method described herein shows new possibilities to predict dihedral angles by 
combining supposed chemical interactions and related empirical potential energy functions, such as 
the torque moment. Our calculations and data represent a good starting point to evaluate the role of 
single intra-chain amino acid interactions, which can be fully examined and clarified by considering 
the spontaneous folding of a particular polypeptide chain. The method allows the prediction of 
dihedral angles, to help in deciphering the whole folding process for proteins whose crystal 
structure is unavailable. Specifically, the calculations reported herein represent a useful tool to 
assist both experimental (e.g. NMR spectroscopy and x-ray crystallography) and computational 
(e.g. to establish efficient algorithms for new homology models) techniques in the field,[29-31] in 
order to ultimately calculate and/or predict how a protein amino acid sequence must fold.
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